Thiosemicarbazide of 6-chloro-2-aminobenzothiazole on cyclization with different aromatic carboxylic acids in Phosphorus oxychloride provided the corresponding 2-aryl-5-(6'-chloro-1',3'-benzothiazole-2-yl-amino)-1,3,4-thiadiazoles 4a-j. The compounds are characterized by elemental analysis, IR and 1 H NMR spectral data. All the compounds are evaluated in vitro for their antimicrobial activities against several fungal and bacterial strains and showed significant activities.
Introduction
Benzothiozoles are bicyclic ring systems with diverse chemical reactivity and broad spectrum of biological activities such as antimicrobial [1, 2] ,antitumor [3, 4] ,anti-inflammatory [5, 6] and antilieshmanial [7, 8] , etc. Several 1, 3, 4-thiadiazole derivatives are also known to exhibit diverse biological properties like antimicrobial [9, 10] , antitubercular [11, 12] , anti-inflammatory [13] and anticonvulsant [14] . The synthesis and biological activities of a few benzothiozole derivatives linked with 1,3,4-thiadiazole systems is reported here owing to their pharmaceutical importance. The reaction sequence leading to the formation of the desired heterocyclic compounds are outlined in scheme 1.The 6-chloro-1,3-benzothiazol-2-yl-thiosemicarbazide 2 was prepared by the reaction of 6-chloro-2-aminobenzothiazole 1 with CS 2 and hydrazine in the presence of ethanol. Several 2-aryl-5-(6'-chloro-1,'3'-benzothiazol-2-yl-amino)-1, 3, 4-thiadiazoles 4a-j were synthesized by the reaction of 6-chloro-1,3-benzothiazol-2-yl-thiosemicarbazide 2 with various substituted aromatic carboxylic acids 3a-j in the presence of phosphorous oxychloride.
Material and Methods
Melting points were measured in open capillary tubes and are uncorrected. IR spectra were recorded on a Nicolet, 5PC FT-IR spectrometer in KBr pelletes and 1 H NMR spectra on the bruker DRX-300 FT NMR spectrometer using TMS as internal reference.Chemical shifts are observed with DMSO-d 6 solvent in ppm. The purity of the compounds was checked on silica gel G plates using iodine vapor as visualizing agents. Ofloxacin was used as standard dug for antibacterial activity ketoconazole as standard drug for antifungal activity [15, 16] . The precursor 6-chloro-2-aminobenzothiazole 1 was synthesized by the already reported procedure [17] . The 6-chloro-2-aminobenzothiazole 1 (0.01 mole) was dissolved in ethanol (90%, 50ml) and then CS 2 (20ml) was added slowly within 10 minutes with constant shaking. The resulted solution was then allowed to stand for 1.0 hr. Then 20 ml of 50% hydrazine solution was added to it. The reaction mixture was warmed slowly for 1.30 hr then filtered, washed with cold water and dried. The solid thus obtained was purified by recrystallization from methanol.
General Procedure for the Synthesis of 2-Aryl-5-(6'-chloro-1', 3'-benzothiazol-2-ylamino)-1,3,4-thiadiazoles (4a-j)
A mixture of 6-chloro-1,3-benzothiazol-2-yl-thiosemicarbazide 2 (0.01 mole), an aromatic acid 3a-j (0.01 mole) and phosphorous oxychloride (25 ml) was refluxed for 3 hr. After cooling to room temperature the reaction mixture was slowly poured over crushed ice and kept for 1 hr. The solid thus separated was filtered, washed with cold water, dried and purified by recrystallization from methanol.
Results and Discussion
All the synthesized thiadiazole derivatives 4a-j are confirmed by different spectral analysis (table  2) .These compounds have given similar IR and 1 H NMR signals for main moiety with variations for substitutions. The characteristic observations for the substitutions have further supported the formation of mentioned products 4a-j.The IR spectrum of the typical compound 4i showed absorption peak at 1710 cm -1 due to the stretching of C=0. The N-H stretching vibration appeared at 3436 cm -1 . The absorption at 795 cm -1 was obtained due to C-Cl stretching vibration. 
Biological Evaluation
All the compounds have been screened for both antibacterial and antifungal activities using cupplate agar diffusion method by measuring the inhibition zone in mm. Ofloxacin(50 µg/ml) was used as a standard drug for antibacterial activity and ketoconazole(50 µg/ml) as a standard drug for antifungal activity. The compounds 4a-j were screened for antibacterial activity against E. coli, S. aureus and P. aerugenosa in nutrient agar medium and for antifungal activity against A. niger and C. albicans in sabouraud's dextrose agar medium. These sterilized agar media were poured into petri-dishes and allowed to solidify. On the surface of media microbial suspensions were spreaded with the help of sterilized triangular loop. A presterilized stainless steel cylinder of 8 mm diameter was used to bore cavities. All synthesized compounds (50 µg/ml) were placed serially in the cavities with the help of micropipette and allowed to diffuse for 1.00 hr. DMF was used as a solvent for all the compounds and as a control. These plates were incubated at 37˚C for 36 hr. and 28˚C for 48 hr, for antibacterial and antifungal activities respectively. The zone of inhibition observed around the cups after respective incubation was measured and percentage inhibition of the compounds was calculated (tables 3&4).The thiadiazole derivative 4i having acetoxyphenyl group showed potent activity against S. aureus(92%), wereas compound 4g having 2-nepthylmethyl group showed maximum inhibition against E. coli(95%), when compared to standard drug ofloxacin. The compound 4c having 2,4-dichlorophenyl group also showed significant antibacterial activity(85, 87 and 82%) against S. aureus, E. coli, and P. aerugenosa respectively. Rest of the compounds showed moderate to good antibacterial activity. The results of antifungal activity of the test compounds were quite different from their antibacterial activity. The 1,3,4-thiadiazole derivative 4e having 2-aminophenyl group showed maximum inhibition(87%) against A. niger whereas 4f having 2,4-dichlorophenoxymethyl groups showed maximum inhibition (83%) against C. albicans. Furthermore 1, 3, 4-thiadiazole dericatives 4e showed 78% inhibition against C. albicans. Whereas 4f showed 82% inhibition against A. niger. Rest of the thiadiazole derivatives showed moderate to good antifungal activity as compared to the reference drug ketoconazole. Thus it is concluded from the screening results that 1,3,4-thiadiazole derivatives 4a-j have been proved to be more effective against all the tested microorganisms at a concentration of 50 µg/ml.
Conclusion
The reaction of 6-Chloro-2-aminobenzothiazole 1 with hydrazine and carbon disulphide in alcoholic medium yielded corresponding thiosemicarbazide 2 in excellent yield of 82% within 1 hr. Thus obtained thiosemicarbazide produced various 1,3,4-thiadiazoles 4a-j, through cyclization upon reaction with carboxylic acids 3a-j in presence of phosphorous oxychloride in 75% yield within 3 hr. All the synthesized thiadiazoles 4a-j, showed excellent to moderate antifungal and antibacterial activities, which has proved the thiadiazoles 4a-j as pharmaceutically valuable heterocycles. This synthetic method is proved to be simple, easier to workup and environment friendly tool in pharmaceutical chemistry.
